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ABSTBACT 

This report describes student participation in 
cosputer applications through classrcos use and through ' 
student-cdhsultarts. Three types of Outcoseslof cosputer use are 
explained in' terss of "student activity." The first activity, 
"coB(>uter ^literacy , " concerns the ispact of oc 
cosputers affect each citizen, vhat sust be ki 
cosputers, and hov to prevent cosputer abase. 1 
acquisition," the second activity, refers to i 
cosputer facility itself by students and teachers. The last activity*, 
"a feeling* of » comsun ity, " is the' sharing of cosputer resources by all 
students and by all teachers. In conclusion, the various roles of 
saxicalcula tors (e.g., HP 9830 and Marg 2200) versus tise-sharing, 
interact:iv€ tersinal^ in coBputfir$ are discussed. (DAG) 
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ABSTRACT 

' Applyin/g computers for the whole scJhool requires active student participation 

. . I ■ ' 

all of the students use. the computer for projects aiP^classwork, and k small cadre 

of student-consultants contributes directly! to efficient use of the computer in 

the school. These student activities generate computer literapy, the acquisition 

I '' . . 

of a computer language (BASIC), and a feeling o*f community throughput the school. 

The applications and programming of the computer j^/i 11 grow out of the activities 

or needs of the student groups involved. 



' — — , 

to the frchool plaxit. \ 
xjjters are one of the r)4wer resources. 



1. Introduction 

4 

Schools are responsible for providing educational ^resources for their 
stu'dents. Resources include human ones--teachers,. aides, administrators and 
studerits; and inanimate ones--laboratories , computers, and other equipment, in 
addition 

Co^apjJters are one of the rifewer resources,^ When cotaputers are used for the 

whole school (Reference 1), students play a central role because alj of the 

Students use the computer at some time, and a certain fraction of the students,. 

.(a cadre that we shall call "student-consultants"*) support, through their computer 

work, a large part of the computer uses for everyone in the school. This fraction 

qi the students become responsible for providing much of this n^, computer- ' ^> 

based educational resource for the school. 

: Students, by bjeing served by the computer and by providing support, are 

truly "where the;, action, is." ' In both roles, ^the students express and help 
*• ■ . ' ■ 

develop th^ educational philosot)hy of the school. The putpose of this paper is 

\ ' , ^ ' 

to describe these activities of students in the "computers for the whole school" 

■ ■ : ■ . \ ■ " 

philosophy. v 

The students* activities ar^ evident in three types gf outcomes of computer 
use for the whole school: computer literacy , knowledge of the BASIC language, 
•and "comi^iunity ," v» * ^ i v " • 

We shall first examine tH^se outcdines in some detail and also the nature of 
elementary instruction in BASIC and in computer use; then discuss why it is that 
Students can and should be a resource in computers for the whole school; and 
finally, the implications of these student activities in choosing 'hardware ^and 
developing software, 

— - — ^ — . • . V ' . , ■ - ■ \ 

* These' individuals are both situdetits" and consultants. We therefore use.the 

hyphenated form "studdnt-coneultant." * . 



Since we shall find it convenient to use. the term maxlcalculator , 



we need 



ttr-iay more about ylt tier e,. We use this term to descrfbe electronic cajlculators 



that are as^powe^^ful as the older minicomputers but more flexible and 



portable. 

The Hewlett-Packard 9830 and the Wang 2200 are examples of such maxlcilculatora 



that are especially well suited to provide computers for the whole sc^hool, . 

A maxlcalculator system includes a multiple-use keyboard, a max^^calculator 
with •'wired-in" BASIC, a fast thermal prir^ter, a fast batch reader ^or mark 
sense and funched cards, and a , tape cassette drive fbr secondary m^imory,^ We note 
that a maxlcalculator, w|iich serves the whole school community ^ .cotets from $5,000 
to $15,000. > ' . . i > ^ J 

2 . Computer Liter>acy * ^ ' * / ^ ' , / ' 

/ / What can a computer do and what can't it do for a student? What is it iike 

to r^n a computer^ or interact with it? What responsibility^do students or.-o$hers 
"have to see that computers are used wisely and equitable in the school? T^he 
student (and the teachers and administrators) have taHeh a step toward computer 
literacy when they can answer such qaestions as 'these. ^ , j 

Computer literacy covers the impact of computers in s^ociety, hfew they affect 
each student and his fellow citizens, what must be known about computers in ordei: 
to enjoy the services they provide, and the need to prevent po8si*ble abuses of 
computer power. * ' 

Computer literacy is- gained through specific discussions in classes* with 

well-infottned teachers and visitors , by assigned readings, and --what we stress 

here--through students own experience with a computer ^nd observation of others 

' * • . < • 

using computers. Students should be advi'sed: "EXPERIMENTl That's one of the 

many 'things the computer is her^e for." ^ ■ 



'* Schools that place great emphasis , upon computer lite^-acy may. give this as a 

separate course treating, for example, the computer's capabilities Snd limitations 
' the historical development of computers, the vatfious Social implications of 
the computer and its various uses, in industry, business^, education and government 
(Reference 2). Others may feel that a separate course would add to the "mystique" 
of computing and prevent the computer from becoming a real tool--like a Jiainmer. 



-4-. 

« ^ ^ . • • • 

Let us look at a« few types of student experiences that are related to computex 
literacy. THbse experlenceV Will .often be tailored to the needs of each 'student / 
He will use realistic simulations of problem Solving and decision making that will 
be encouptered in Jobs'or in later schooling (for example, running ajl business, 
doing' accounting, x>t controlling environmental polluCionf; and the experiences can 
include mind-stretching and aesthetic a<?tivitie8, ones that sttesSy, synthesis or 

* i 

-realizations of imaginative processes^i The maxicalculator can .help to bring under-. 

standing aipd community across these varied, problem oriented and valu^ oriented* 

• • .. ^ . . 

t . ■ • ■ • .- ■ - ' 

pursuits. ^ ^ . , 

Students iincl^ in, computer related experience, that the logic of a computer 
ipjits one' kind of intelligence and not a^nother, or fits one situation or problem, * 
• in the classroom or in society, better than another situation or problem. Thus 
the;re is visible evidence available to them of what , computers can and canpot.do. ."^ * 
Properly handled, compuier experience wi.ll give students both confidence (and some 
humility) fe^arding theic -abdlity to use computers. They must also be able to 
pexceive and choose among, ar^d respond to, diffeyent cognitive styles and q^eds, 
whether seen^in a text, in the ^classroom, or 'on the comnuter.* ' . 

• ■ ' ' \ ' ^ ' 

By experimenting with the computer id areas like social studies and humanities. 

\ ^ ■ ' * ^ \ ' 

students can discover that logical analysis "even with a computer" does not by 
itself answeif questions about values, whereas such analysis does give immediate 
results in mathematics or physics^ because of thfe' quantifiable nature of the questions 
asked, Soimuch the bette.r. Neither scientists lior students should exaggerate the 
power of the tools they use, whether computers or otfher technology.' Students can 
learn also, in other computer-based \experiences^ that the computer should l^avQ 
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* For example, a student-consultant -may possess a "stimulus-centered" cognitive 
style and be required to help a Stiident with an "elgbcientric" cognitive style. 
The consii tant is then focusing on the aspects of the computer itself whereas 
the other student is viewing -the computer in a persorialized, affective manner. 
Thus, the consultant would b^ faced v^ith helping the student overcome a concern 
with the "personality" of the computey--something which doesn't exist for the 
consultant. \ . 



them, (or scientists or teachers,) more .free to do that which is truly important-- 
to perform: th^ise tasks tha^t iwolve tast;e, Judgment, and elbtie analysis. 

Literacy includes appreciation of the interd'isciplinary character of computer 
applications. Computer ude helps bring the students in different subjects and . 
tracks together in cooperative efforts because it is often used* in similar ways 
indifferent subjects. Indeed, new art^as of computer use- may te developed by the 
^Students and- taechers' working togethef on the computer. Such cooperative uses of 
the comp^uter cpntribute to the feeling of community across the school th&t will be 
discussed in a later section. * . ' 

Finally, computer literacy implies understanding Chat the computer .itself, y, 
does not discriminate with respect to sex, color,^ age, .or wealth.. However,, a 
student can easily see if people discriminate in giving various users within the 
school community access to the computer. . . 

, • ■ . - ,• •, .V 

3, Training in BASIC and the Use of the Computer . 4> 

• There are two types of training to be considered, tlilat in '.the use of the 

> - ■ . • 

computer language, BASIC, and that in- the use of the cpmputer facility itself, the 
"hardware/' Each type of training can be brokjen down into simple ^ logically 
related steps. Only the early or basic part ^^of" each type of 'training will b,e 
discussed here, the part that is needed by all students, and/by thos^ teachers who 
"^need the same level of computer e*Xperti8e achieved by the "average" student « The 
students can receive the basic' tr4i;iing appropriately during their eighth-grade 
mathema^rics or science courses . The teachers will gain their undefstanding of ' 
BASIC and the computer through private study, informal workshops and working sessions*, 
and ' througir^^o?kTng~w.th the expert student-consultants.^ • - % 

. The content of each type of training is determine^ in part, but only in part, 
by* the nature of the computer input facility, tfiat is , ^iwhettier. the input is by ^ 
mark seiis^ cards i^)r through terminals to a tjLme-sharing system.. The languag'e , . 

BASJC is nearly the same on most computers that support itV and this is most 



nearly the case, for those parts of the language vis^i^l/ln this training in 
elementary ^BASIC. The outcome should be the same, regardless t)f thfe* computer" 
facility, that is, the student acqulreis the ability to ask th6 computer to solve 
problems that are suitable' for computer solution. Our discussion will assume 
input by .mark sense card^. ^ / . ^ 

While learning the use of the BASIC language, the, student <or teacher) should 
also ^earn how to. put a pragram written in BASIC into the computer. BASIC, 
tt^elf almost computer-independent, is thus taught in the context of the specific 
compoter apd Input devLces that are available to the students and the teachers 
at their school. In this way, tangible, visible interaction -with the computer 
rit's acta4lly doLiig what I told tt ^to dol") aotivates tha Initial ' learning of BASIC 

There are many published guides to teaching elemeptary BASIC (see References 3 
and 4,. for example). Often, however, teachers wish to write th'teir own notes 

for teaching BASIC, designed for the particular needs of the students and classes 

2 ' ' ' ^ ' 

iri rheir school. Below- is an^outline of one such set of notes (Reference 5). 



Notice that the notes do. provide training in computer u^ (that is in computer 
input) that is developed in parallefl with the early training in BASIC. 



Outli ne of Elementary BASIC and Computer Operations * 

a. Introduction: the role of computer languages an-d of our computer- 
language, BASIC; LET, the -first computer instruction to learn; 

« a taternents. ^d c*ards * ' ■ ' " 

b. INPUT: giving instructigns and commaftds to the computer* park 

^ sense cards (simulated, unti4 staTge (i) of the training by paper 

exercises); Codes familiar in every day life an4 code^ in the computer;' 
definition of a comp<iter pl'ogram 



* Tfiis training can be made -partly self-instructional with self -administered 
quizzes for the student to check competence at each' stage of the training/ 



^ • ■ -7- 

» 

c. . Output: What the tompu'ter produces fgr ^the uaer; two more instruct 

tions, PRINT and END; ak^tching the comp^yf^r's memory. 

d. ^Fundamental operations ^nd codes inside a computer; switches, 

binary representation of jiumbers, letters, and' of arithmetic and 
logical operations; the "brainlessness" of the computer ; why - 
engineers designed these representations or codes (so the user can ^ 
tell the computer what to do, and the computer can do it) 

e. More Ins tr-uct ions : PRINT. "JOE'' ; the ^SQR function; line numbers 

■ " ' * ' if ■ ' * 

f. Solving classes of problems on computers: use. of the instructions 



^ • > 
READ and DATA / ' 



g. Branching: the instruction GO TO; more format control (column ^ 
headings and spacing) ♦ 

h. Commands ,(to tell the computer how to handle your program Wien not, 
executing it): SCRATCH, LIST, RUN, CARDl 

i. **Exercise for aiaking the mark sense cards 
j. Another .instruction, IF./!. THEN 

k. Characters and strings: '$ variables 
. 1. . Arrays: the instructions DIM and COM ^ a 
m. FORMAT and other advanced instructions.* ^ ir 



* Some teachers may prefer to postpone thig discussion until later ip the 

elementary BASIC training. * * . ^« 

** Ihi^ the first tjlme that the cards are used by the students,, but by now 
the students have a repei;toire of Instructions and commands thfey ^understand 
and which they have .connected with thei'r earlier, "tioncomputer «x|jerience. .They 
will use the cards in writing programs, and ^running them on th^ computer ot 
f maxicalculator . 



J. 
■li) 



. ' % Ijnplementatlon oi computers £t>r the wholf* sghool Increases the fe'clin^ o.f 

§1 * . ■ ' ' ■ ' * ^» . ^ 

cbnaaunity across th^rschoolV This f^nhancoJ feeling ql community* comes from.the;^ , 

•>., ■/ *^ 

experiences of the AtuUent5» (and others in the 'school) ia sharin^^'the use of the 
computer resourced.^ The ^computer is^ndt ^ resource Just for one department nor j^f^ 
just, for an elite/gfoup of students.^ The ixpcr lences^gained by being in ^contact 
with the Comput^rf^are nice ly'classif ied by two kindU of stotfent activity^ rach 
pf^ which contribuces to coramunity: the activi^t^es of ail students who ^hare the Is^ 
computer as a resource and the activities of the student-ctjna^ltanjis who sharq 

. . ' . . ' » . : ■ „ " . 

responsibility for th^ effective use df the resourced 



^•l Servtcg to All Stu<jc,nts 



\ 



Let us look at a nubber of df^f ferent ways in which computers caa be of 

- — - ^ . . * • k • \ 

s'ervice to all students. - 

• ' " , * •■ * 

a. Even though the school's computet^inay ..support more than one^computcr 
language, It is 'orfe language, BASIC, -tliat is'usedmost fr^qii^tly by 
everyone^ that pr'ograms for the , computer , whether large or small programs, 
and ehch user sees that this language is adaptable not only to one*s 
cwn problems but also to comf)uter uses by others in the school cotmunity. 



* A second type o-f "comnianity, " that within t.he city or disti^t supporting the 
school, is also 'impel tant to the success of computers for whole school. 

Cn4y if there are good relations between. this secorid community , and the schoel 
will the students have a good start toward positive but critical appreciation 
of what computers and other resources in the school can do for them, In this 
paper wc shall confine our discussion to the first type of^ community, that 
within the school. " - , 

^ The spirit of this first type of commuhity is contained in this paraphrase 
of the words of the 17th century oystic', Isaac Pnntnfton, . . . f or ^this is the 
true basis of community, not tho't. a person w*lks and does just as I do but. 
because I feel the s,ine spirit and life in ^im--this is far more pleasing to 
me than if^b walked jupt In that Crack wherein I walk." 



■ ' - • . • -9- : ^ 

b. Students, involved in studying aspects of science or technology find 
many applications of the computer.- However, there are many students 

4 primarily or wholly Involved in subjects other than scienc>e or technology, 
^ and the computer can serve them also , often in ways that are immediately - 
related to the studeDt¥' personal interests . Some of the examples are 
(see- also References 6 and 7): in music, the analysis of notation and 

. -the writing of primitive canortiS; in Latin, the ^dificatsion of grammar 
or vocabulary; in psychology, the analy^lfe' of personality test results; 

and in dt>mestic science, the yard^ of cloth required for a garment design. 

f ' - 

In each of these 'uses of the computer, students also gain computer 

' ^~<^ 

literacy'*', in thev f orm of added understanding of what the computer can or 
. cannot do. -i' ■ ^ 

c. The ^tu<fents most g^ifted in using the computer should have'' their day tdo, 
neither being neglected nor dominating computer "usage, (See Sect^ion 5). 

d. Some stuidents will continue to use the computed for a sp.ecial reason, 
aft;er their first introduction to it,, because they^ill be .working in 
the field of data processing after graduation from high school. Th^ 
computer can serve them, hut not to the exclusion of any of the other 

users. Training-^s^a data processing is not the primary goal in the 

■ ^ ■ " . ' 

•A . * ■ . >j . . 

philosophy of computers for the whole school. . 

* ' • ?? * 

e. Many stfudents convince themselveis that math is.^ logical; therefore, if \ 

''•a ' * ' * ' • ' 

they're- no't good at math, then they're not logfcal. This attitude * 
should be defeated because a lot of students with an expectation -of failure 
are afraid to try mathematics. They put their best effort^ forward* onl^ j 
to Jdg (jffibarrassed by making mistakes. They should, inste'ad, cpme to r^:^^ ^ 
expect to be able to understand math (or basic compuJj|pr science or 
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business arltbaftic. rat'her than to cxplict nojt to be able to undcr- 
. stand* » subject. " ThcvCooputfr helps t^^se students because It .is both 
• private^ and patient , in ^Cs' ass i^s^arvce In drill, as a tGtor In a subject, . 
or a simulator of many different phi?TiotDana« 

f. ^The computer liberates students from thlnklhfc like the^ teacher or teat- 
book. It has long been recognized thkt a certain kind af '•Intelligence"^ 

/ is required to "siicceed" In school--a kind of Intelligence yot particularly • 
better .or -more useful than any other. The cot^puter Is willing and able* 
tp accept' any argument (and the Intelligence that lies behind It) that, 
falls roughly. Into the catesrory of Aristotelian logic. (Thl§ Is the lo^lc 
of the Western woVld, which perhaps should warn us again of the limitations 
of computers . ) ' * . 

g. Computers lose part of fhelr mystique, as they should, when they become i 
the stutients' Hervants. Conputers'-alao lose another part ol their mystique 
when tVe .8 Indent is allowed unres'^tricteii^ experimentation. Tha .computer 
acceptb almost urty combination of nonacnse'und Inspiration injJut hy the ^ • 
student, anything produced by intuition or design or guassWork or arm/, 

and treats, this Input In an entirely cons 1 »'t\|[nt manner, giving results 
f that arc raoro ^)r leas complete, with some Indlpation to the student 

4|i to why. these results occur* . . . 

4.2 ConHX^tar Xaj-yj j pyiiy i Vovl dad by Sttidents ^ " 

A certain number of the atuderits ,^ probably a few*! percent of thorn, will learn 
how to use the computer tixtens^vrly and with grtiat akl 11 . In computers lor . the 
whoJq school tl>«ir computer act i vi ty 'wi 1 1 servti br)th their peroonal Inlerestrj 
\ind the computer needs of others, teachers, ttdmlnlatratt)rs , or fellow aiudcints. 
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• Sttid^nt • ronn»^l f .ini:u c^n be found ^mong the Qtudcnt» with high or low academic 

•chievecenti , but the ciKtjputcr capabilities of atudent-consultarits can^bo very 

great indeed. For example, two high achnol studertts in British Colu»hia won a 

Q#t iunaV* cOt^tes t fur professional prograrcmers ; at\d in Connecticut a freshman 

student Is writing lei|fi\.)ns (or thr PLATOi GAl system, performs tonputer analyses 

of data Irom rvW miaiuhruuf ntuHiew, and wljl hf ?o-author of b paper on' thi*sc 

studies, # # , 

The rnle of t hf se s t udent -consu 1 1 ant 3 is an essential pai;^ of computers for 

the whole school and Its mmmunlty. Th<*y bi»ve opporttfni ties to observe that 

their contributions to the schob 1 f omtnun 1 1 y , by assisting bthers in using the 

\ 

computer, pryvldi?s pr 1 v1 leKC*&*.and r#tcojjn 1 1 1 on for their expertise as*well,nB 

rt aponslbl 1 1 ty for ^the quality of rheir work. It is a valgablc life experience — 

oni* of f«*w available In arhool,*, |.»t us look at some of th« activities of thewe 

— . % / ' . . , • 

< ' - --^ , . 

student ^( onsul t ant s « ' • ^ 

a, (I'iveri adrquat^ 1 ii It 1 a I di^flnltloii of a toftputer Job by a client (teacher, 

ttf o<l«-ot . r>r adml n 1 at rntor ) , s t orient -consul tatits (working Individual ly or 

ilk teams) can do the ){>b of computer operation or proxrararaing and also 

^ uhii%i what allocation of resources (computer capab 1 I it los « comput!cr /:ime, 

t»prog^ansnl iiK sk i 1 1 s , ^aiul. t imo) Is necessary to do it. If the )oh c/in be 

and is don«^* they ran Jilao <lctermine whethcir the )ob Is trivial or d^fflcull 

' a character 1 ttU( tliat otton cJnnot bo dee 1 da/J w 1 Ll^ rert al nl y before the 

• ' "I ' 

' (ompulrr )(il> Im mI tnmjil «»<1 , . . • - 



k. 

* Surnu ■t.jdontB »imv«« poor MC*»d«mlc r«,p;rdn but uro (nrwfwl, •ccurrtto tVplut*". 
Tliey can alBo p«r 1 1 1 Ipatd ^ n the nchool " /:ora«nuiii ty . 'Such ntnAenfn can, lor 
•xampU. tho m«xlcal.:ul«.tor to produce op<icl«ll2«d at ttindentj^ r*icor<JB , 

rapidly and etflr lent ly 'and receive re'coKql 1 1 orr for their work. 

And the work of. atudente on adnilnUtrat Ive applUatlone of coropul4>r« showu 
rhem that there 1h I luleeM ■ a hwinan hand In admln letrat Ive actlvltloal 



b. .Using property chosen criteria * the stLfdent-coniultantar can check out 

pro^ramB of any kind pbtained f rom any 'ffource . to fln^ If they, are 
debugged And arc adequately dot:umented and" explained for each type of 

user 'that' will depend on that program. • 

• • . * » . " 

c. Student-consultants can develop and perfect programs (compilei^s, 
infocmatlon systems, schedulers etc . ) that will serve many different ^ 
users of tb^compiut^cr . In' this service prograninln^,, and in the programming 
that deV^lops directly from their personal interests in us ing^ the computer , 
these students are the ones most likely to mak^^se of (jand become expert • 
in) more than .one computer language, if more than one 'is available. v^i> 
Thus some studoots will do good programming in FORTRAN or in an assetnbly . 
language as well as in B^^IC. , 

d. Student^consultants will be the principal resource in supervising computer 
use and demonstra(:i ng the computer and its usps to other stud<^nts, and 

- to teachers, adminiatrafors , and visitors. Giving an effective demons 
fltritlo^^ tuned to a given ' audience , requires considerable sensitivity 
' and underHtanding It is nn undertaking whichyft^ould be t^fken seriously, 
^ for Its HUCCC8S or failure may strongly influence the ^opinions that 
those seeixip: the dcmonstrotlon will retain about computers and their 
uses. In developing and giving effective dcmonstratfons the studont- 
^ consultants can y,ain valuable practice in exposition, In communication 
and in interpersonal relations. ^ 
»>. Student-consultants could undertake another computer-based a^^vlty., one 
that scirves the f>ther students, and that would challenge their imagination, 
honesty, and tikllls to the utmost. The activity is that of developing, 
Admliilsterlng, and evaluating computer-based instructional materials^ a 
tai^ that has been completed with full success only seldom by their elders. 



In 'one pchool a few student-consujlfcants prepared in one soroestier, some three 
hours of computer-baicd instructional materials* 

15 
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All stand to gain in at leas^twd ways' from students' efforts to design and 
evaluate these materials. First, a few of the students will acquire a love of 
teaching, an appreciation of the assistancb that the computer can give 'ttf thcs 
.^eacher, and an acceptance of the ireal challenge of trying to realize the ^ 
instrtfctional potential of the ccynputrer. SeconiS/ the students who try thdir hand 
at design an^ ^valuation will be bringing a new perspective (closer than the 
teacher to that of their fellow* students )• and less of the inflexibility and 
.habitual processes -of thinking that become part of the make-up of almost any 
professional, whether in education or elsewhere. 

One way to start this process, is for the studentrconsultant to write a 
program aiding his or her own^ classroom work and then alter it so. that it wilV ; 
be suitable for helping several other students of 'different background and 
capabilities. - , • • * 

V 5^ Studentd^ the PRIMARY Resource 'tn Having a Computer fo r the Whole School 
. -fc In Section,2-we saw that a certain fractioA of the students , (flay 27.) become 
' stodent-consultants to aid others in the school community. In this, section we / 
shall discuss .why it is advantageous' to these student-consultaAts to be such. a 
'resource in these computer applications and also why, it is one way, and pethaps ; 

the only way, to develop and maintain an adaptive fully implemented phi/osophy . 
. of computers for the vhole . schopl , with alb the advantages of this p^losophy. 
' 5,X Why is it advantageous to be a student-cjonsultai 

Let us first liat many of %h:e types^of 3ervipe and consulting Jobs that 
student-consultants ^can do.* Students can aid each of the act^vitifis 'that support 
the instructional applications of computers. They can prog?/am, dejnonstrate. 



* See the previous section- for specific examples 
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activity. 



Supervise, and operate the computer and its peripherals, evaluate computer-based 

lessons and simulati6ns, and articulate thefie witb classroom and laboratory 

educational experiences. They can also aid each of the activities that support 

the administrative applications of computers, whether for the principalis office, 

for individual .teachers or for student clubs. " The students also, of course, jare 

encouraged to develop programs arising out of "their personal interests and 

capabilities--a privilege earned^ by respqnslble service to their clients, Tbey 

thus, have'^he ^opportunity of seeing the full picture of computer use for the« 

whola^schooV communfty while at the same time develop'^ing self-resppct that supports, 

their cooperative woirk with others. / 

These students gain experience in trying to be , critical,, responsive and 

responsible in their, work^ They learn something of the' applicability of a • . 

problem solving approach, and they will begin to inject value .judgments into their 

thinking as a needed complement to wholly mathematical arguments. They are thus 

better prepared for judiciously combining values and logic in -situations and y 

Studies encountered after high school, *where often the successful cooperative^ 

* * ■ • ' . ♦ ■ 

use of computers and other resources depends upon a proper mix of the human, 

social, and technological components. ' , ^ 

I . ■ - • . ^ ^ > , j ^ ' 

' More rajdtcally new activities for these students can be developed. One 

' ' 

activity for a group of advanced student-consultants would be to take primary 
responsibility fdr fprmiflating^ the specifications of a new componentjof the computer 
syatem in the school (its hardwai^e or its software), and later installing it. 
Or pdssibly a student cadre would ■ take on the Job of "spreading the word," 

throughout the .school, "among selected teachers as well as students, regarding the 

*, ■ ' 

applications of compute^^s fox'the educational work of these potential' clients. 

We have already seen' precursors of such high level student activitiefi" in several 

, . ■ . ; : ^ , r 

schools, • 
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5.2 / Why are student-consyltants^ essential ? 



, When fn full /operation* a computer for the whole school requires the efforts^ 

of many people ^with many types of knowledge and understandings-work that continues 

'from year to year as it adapts to the changes in the school community and its 

-detailed purposes. The' whole oiJeration is complex , as would be, expected for an 

^ . / ■ 

educational tool (in thi9 case,, the computer) that serves io many^so well and in 

■ . ^ \ . • I '1' 1^ ' 

so many different ways. But the complex operation is the /sum of smaH pieces 

each of whiclf can be taken^ care of by a single person* a^d .that single person will 

• * • * • . ' *" 

very often be a student. 

It Is -not necessary to examine ^or describe all , of /the computer-based operatiohs 

\ '\ r ^ A. •■• 

. here in point ing'tp the essrenttal role of ^he student ff. If / is. enough; to give 

■ f ■ . " J ' j . 
' an example which is developed by asking a series of otiestions. 

What work is need^ i* order to develop a small/ computer simulation, ,say 

for environmental science or for social- studies classes^? / (See Reference 8 for 

a discussion of such simulations.) An estimate might look like this; 

' ■ " ■ f I ■ ^ ■ 

: 10^ hours. library work and dfesign of thp simulation 

■ - - / ..■ / " ■ 

16 hours' \ programming the* stmulation for the computer 

■ ' - . . ' I .1 . . ■ 

* 15 hours thorough testing and^revlsibn bef4>re serious use with classes « 

■ ' *<. l ' ' '\ ' ' 

35 hours (The total might be 20 houts If one started with an existing. 

* • / ■ ■ ■ ' 

computer simulation that had be^n used In another school.) 

Supipose that a teacher will use two simiilations rterft semester, one new and 
one old (revised) one. The estimate then is/ that someone must spend some, 55 hovrs 

(give or take a factor»»or two) to prepare tnese two simulations. Who has the 

' ' ' ■ . ■ • ■ / ' 

time, energy, interest and expertise to doithis?. ■ 

^Suppose, further, that there are ten Iteachers irv the school who a*e alrtf'ady' 

interested in instructional apijKlications 6f computers and that they wish to yse 

a total of 20 small simulations or programs 'reqairlng similar work to prepare. 



Some 550 hours pf 'work will be needed to ^repdre these** Who has the time, 
energy, interest and ^expertise to. do this? * ^ 

The figures can vbe changed to , fit the school ^and^ stdge of computer utilization, 

but thje point is clear: ^a fully implemented computer for the whole achool 

#1 ^ • ■ ' , 

requiiles hundreds, not tens, of hours of programming, revision, anil allied 
activities in each school year,, 

* In most schools today there 'are few tochers ^hat have the background, 

• . ' ■ ' " • ■ 

* ». > ' 

inter^s^ .and time to use BAi^IC, the widely available and easy-to-use, powerful, 

computer language,- Time ib what teachers lack most. The contribution of those 

• • ' ' :, . 

teachers who are ,^^pr^ become) competent in the range of activities surrounding 

« ' « . *y . • ■. ' > , . . 

eduQatiOnal applications* of computers ie-mosjc- impprtant,*but this^ ^adr^ of te§ichers . . 

' ' ■■' ■ /■ ■ ■ ' i ■ ■ . \ • 

should Concentrate on what 6nly ttyey Qa,n d6 (prpmoting and aembnstrating iristructibnal 

' '■*. ■*.' • • ' " 

fi • ■ . ' * • • ■ .' 

applications of computers throughout the school and guiding the stUdent-consullrants ) 
'and not dissipate their efforts in a vain attempt to program for everybody. 

The conclusion is clear: in most secondary schools . the student-consaltants 

■ ■ . . ■ \ - 'i 

are 'the only resource for supporting the quantity and variety of computer services 

» 

that the computer for the whole school needs ^ ' ^ . 

However Logical it is, this conclusion would be vacuous if students were 
unable to ptovide this large scale, expert support. But it is known, from* , ^ 
experience irf schools in British Columbia, for example, that they ban. 



* Remember that there are man^jriil.f f erences in subject, level, style of computer 
Use and of classroom teaching^ (and therefore of evaluation* and of coordination 
requirecj) for the. 20 programs for the ten teachers » If the 550 hours seems a 
sm^ll amount of work in some schools (whicli seems unlikely), remember also 
that theKe are hundreds of ?0 minute slots in the teachers' classes that could 
be uaed advantageously by students exercising the computer in their studies, 

' If programs for them or guidance for them in the programs they write are 

available. And then there will also be five or ten programs that administration 

peeds to have written or changed, some of them small and some of them'among 

the* largest used In the schooll . * ^ 



6« Hardware and Software Needed for Computers for the Whole School 

When computers for the whole school fs implemented: all students get some 
familiarity with computer useis^ and the stu4|pt-*consultants serve many people in « 
the School community. Development ahd maintenance of the cadres of studisnts and 
teachers who make possible this central role of students in computers for the 

whole ^school is a difficult task" and plearly' an important one. It will be assumed 

* ^ - .• ' » 

for our present discussion that this task can be accomplished aiiid turnjoUr attention 

. • ■ ' ' "■ . 

\ to the hardware and software. * . : . / . 

.Use of the computer by all s-tu'dents or by some teachers' in many d iff jBtervt 
. ; tl*Js*ses does impo^^ different requirements than -does the use by ptudentrcoqsultonts • 

'v* . , ■ ^ /■ , r . ■'■ '^> /^''' 

; for their aid to (jiiher^^nd *ttieir »petsonal ^ograramlng ^ctivltits, but all of these 
requirements 9 an be met by th^ taaxicalculato;:, What requirements are Imposed ort 
"the hardware and software of the maxicalculalor ii students are "to play these two ^ 
' central roles^ In answering this question let ud return first to the three 
•^^^ expected outcomes of computer use for every studeat.* ' ' • 
\. a. Computer literacy . A computer facility as powerful al3 a maxicalculator . 



\ ■ 



i$ needed if all stu'cieii^tSy and many teachers and administrators » are to 
' realize .what computers can and cannot do and* something of the impact of ^ 
computers oo the lives 'of us all. Calculators smaller than the maxical- 
culators are less powerful and less easy to use for a visible variety of 
purposes that each member of the school community dan relate to. Only 
a few members of the .community will n^ed the add^d poWir of computers 
that are larger than the maxicalculators and.. generally more expensive. 

The maxicalculators can illustrate all elements of computer services 
' (and the dangers of unwise or malevolent actions supported by computers) 
that must be .understood *'in the process of achieving computer literacy. 



Q „ . . _ _ _ „ 



* We not that all uses of the computer for the whole ^schobl requires that the 
system be flexible, easy to use and "ready to go." OtheVwistf students and 
teachers will be "turned off," and for a good reasoni \ 
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But it must tiot be forgottj^n that the content and quality of th€^ class- 
room teaching about computer literacy (and not Just , in* mathematics classesl) 
iqfluencesv the success of this outcome for the st^4^|i'td as much afi does 
th^ natux;e of the computer. The success of this outcome >alsb depends ^ 
upon software (like programs illiitlii^x^^tlftg many uses of computers and 
an easy-to-learn language Isuch as iBAlSlC) that makes coc^uter experience 
accessible to all students. Seeking" the other two^utcomes places - ' ^ 

sin^jLlar requirements upon the hardware and .software, \. 

u / ' , ■ * ' 

An elemeatary knowledge of 'BASIC . There is ey^jry reason to have the. 

, ... 

V , ■ • ' . ■ • "^k 

best version of BASIC available . (and this is' availahle cin two o*f the 

^ . * ' ' ■ 

inaxicalculatocs).. Any user can then make the most effective use of 

the calculatoy* for his purpo^ys ^without being hampered in his programming v 

- :% ■ , / , ■ . ■ . . ■ •, . ' . 

(or dependent on someone else's^' fancy pro^raooming to ^et az^uiid the 

■«? ■ ■ 

limitations of a poor implementa'tic^n pf BASXC).^ 

'. The quality of the teaching and advising of students learning the 
elements of MSIC, whether aided by student-^consultaiits or by teachers, 
and the quality of the off-line material , contribute as much to the^ 
success o^ the training in elementary BASIC as-d^es the quality of the 
; BASIC implementation on the computer. On-line materials (exercises, 
tutorials, definitions of commands, good diagnostics, etc,) have their 
place too, especially the good diagnostics, But it is unwise to assume 
that most of the elementary BASIC training of students of different 
; ability'^ and interests can be left to the computer alonel Each student'is.. 
needs and idiosyncraaies must be matched by help from a perceptive person 
(student-consultant or teacher) as well ad by the limited help that a 
computer, iesson or diagnostics can give. 



* The use of APL should not be ruled out, APL is a very well-designed dnd powerful 
language, much easier to learn than Is generally appreciated, and recently 
developed in hardwired f orm ^in an inexpensive computer made by Micrd Computer 
Machines, ' * 



Community ; The computer by Itself does not create community. . It is 
people who achieve community^ and even the older, less powerftj^ and 
less portable minioomputers can assist skilled^ cadres of students and 
teachers in creating community. 3ut the easier it is for each' user to 
have '*hand8-on" qr tiearly "hands-on" experience on the c^mpqter^ and 
t^e greater the computer's flexibility the more diVcfcf will be the 
computer's^ contribution to a^ievlng community throughout the school* ^ 
It appears ^l;hat the m&xicalculator supplies^ thi& "hands-on" use with ' 
thp greateet flppcibility and economy, ^ ^ 

When a studelnt has direct access to'a maxicalculator as his helper 
in his own school-based tasks then he cart be moliivated to use it. and 
understand its role in hi4 life. A part of this motivation can be 
^chieVed by the student if he uses the smaller, programmable c^flculators. 
However, if he does- no programming with them then he* is Just speeding ^up 
his arithmetic calculations or at most making use of canned functions 
and programs whose somewhat .mysterious but trivial nature he may not 
fully understand. If he does programming on one of these smalleV machines 
he will find it more difficult than using BASIC on the maxicalculators. . 
and 'much more, restricted in programming power and in ease and flexibility 
of input-output . He thus will find it less convenient than the' masci* 
calculator for doing many of his own personal little problems , which he 
needfii to solve in his pwn way. 

Small programmable calculators can have a valuable place in t^e 
ischool^ but these smaller machines cannot take the place of the maxi- 
calculators, nor of terminals using BASIC on a time-sharing system. 
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d. ^ther aspect^ of hardware/and software . One question en^i^rs into the ' 

consideration of each oP the three desired outcgraes for the students, the 

question of what are the effective roles of the maxicaiculators vs. 

time-sharing,* interactive terminals .--tn computers for the whole, school. 

A partial answer to this ^question is needed here even though ^ full * ^ 

treatment rtus^wait until .more data covering computer applications in 

• ' ' . ^ • ■ ■ '. *" ^ 

' the schools have been collected and analyzeH. ' * ' ' ■ 

The fast batch capabilities of the max'icalculator-^will provide 
inexpensive computer service for hurjdteds of students (60 or mojre student 
jobs per hour) while leaving, more' than half of the school day f<?r hands- 
on operation of the calculator. The in,teractive terminal is much more 
expensive per student "job r^n. It can give immediate interaction for the 
user j(a capability that is; not always; needed or desirable) but not the 
• feel of handling onp^s own datia and programs as visible,' tangitjle card 
decks.* Time-sharing interaction does -not enable the user to^ .prepare ' 
these (mark sense) card decks ^t home or in fhe classroom. The hands 
on operation of the maxicalculator (when It is not being used for fast 
Batch) amoUnts to the use of a "super" time-sharing terminal, with many 
capabilities not found in the terminals commonly used for time-sharing. 

The power of the versions of BASIC available oiv the maxicalculator 
and time-sharing terminals are and should be equivalent--only ^e best 
should be contidered acceptable in either case. A good tim^-^haring 
system (but not all of themi ) provide flexible, easy-to-u$e' file management, 
and so does t:he maxicalculator. ^ It has been customary to do large 



^ The noviees'4^n computer use often like to use mark-sense cards rather than an 
interactive terminal, 'but this is only one factor of many to consider in 
comparing the interactive and noninteractive modes of computer u>e. 
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^ calculations in batch mode on large computers rather than through time- 

sharing. This distinction is now a fuzzy o;ie because a time-sharing 
^ termirxal can be given access *to precompiled (therefore faster and more, 
economical) programs and may also be used to control batch operations. . 
Also, the distint:tion.l8 not relevant here: all but a small fraetiqn of . 
the jobs in a school, in either- instru^ional or admiTiistr|it I^vcl applicat'iond 
. ^ r - of the computer, can be -run efficiently on the maxiqalcuXi^tor , be6aus6* 
Its design' represents an effective balance-among speed, memory size and 
. ease of US6 . . 

The matter of memory size is linked to anothef aspect of comput^i^; 
use, that of security for each user's files (programs and data). The 
maxicalculat(5r provides about 80,000 bytes of metaory (aboat 80,000 
alphanumeric characters, or 20,000 numbers or 2,000 lines of BASIC 
prograina)^bn ,each of the user's tape cassettes.* The security for files 
is assured simply by removfng t-he cassette and taking it away from the 
, calculate*. ^No "sign-on" or. ''file prqtect^j codes ar/e needed, as thQy 

are in the time-sharing sy^Pem, codtfs that carf always be broken' and 
, frequently are! - • " v 

7. Qyicluding Remarks ^ ^ 

We have discussed several aspects of student roles and computers for the 
whole school.- We'have described the activities of the students in using the 

. e 

computer rather than describing how these activities are developed ,in a school, 
preferring to. consider this developmental aspect in a separate paper". 



Disk memory of up to ten million bytos ^capacity can be added to the rfaxicalculator , 
and it can drive a plotter or connect to a larger computer, but wo shall not 
.discuss these and other exjBthsibns of its capability here. 
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The activitlM of students are discussed briefly In niany reports and ^papers » 
.but l8 seldom the focXiS of the discussion. One recent paper (Refereace 9) is,*^ ' 
however, of special interest be"Cause it analyys ^th« experience with six rather 
, different computer related learning ^o^ects in cpllegelr and secondary schools, 
with many papers In the Series ^^'^lir discussion hert Is Introductory and, 
exploratory, though It Ip bas6d updn long experience in a few sohool-*. Wjb- 
expect -that the further experience of students, teachers and administrators 
the Behoofs and of staff and students at the l/niversity will help us in the future 
to modify and extend our discussion of student xoles where this is' needed. v 
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